Sheet 5 The technical field of this invention is light detection instrumentation and methods.
Background
The need to detect and quantitate light occurs in a large variety of situations. One application of this need is the detection of analytes for the determination of the presence or amount of a particular analyte. In many assays for analytes, one is concerned with either absorp tion or emission (e.g., fluorescence) of light. In both situations, one irradiates a sample with light and then attempts to detect the effect of the sample on the trans mitted or emitted light. In the case of emitted light, non-analyte molecules may also emit light resulting in a relatively large background noise, which results in the introduction of substantial error in the measurement of the effect of the sample on the light. There are also additional systematic errors which further add to the uncertainty of the result.
There have been numerous efforts to develop instru mentation which would allow for the detection of very low signal levels. As the detection or quantitation of an analyte occurs at ever reduced levels, the need for such instrumentation becomes increasingly significant. In developing such instrumentation, a number of factors become important. The instrumentation should maxi mize sensitivity to an analyte-specific signal. In order to achieve maximum sensitivity, the instrument design must recognize sources of extraneous signal (noise) and minimize them. In addition, the instrumentation must be relatively economic, so as to be able to find wide appli cation. Also, desirably the various components of the instrumentation should be relatively easily reproducible and maintain their characteristics over long periods of time, so that one can avoid frequent calibration. Other considerations include ease of manufacture and opera tion and good performance.
Relevant Literature Jacobsen et al., Phys. Med. Biol. (1987) . 32:431-437 describe quantitative imaging and microanalysis with a scanning soft x-ray microscope. Renault et al., J. Bi oned. Eng (1983) Apparatus and methods are provided for detecting low levels of emitted light, where the emitted light may be related to the amount of analyte in a sample. Particu larly, collimated light of a narrow wavelength range is directed onto the sample, where the area exposed to the incident beam may be varied. The emitted light is then collected with a discrete element collector system and directed to a photodetector for quantitation and analy
SS.
A discrete element collector is an array of discrete optical elements arranged to refract or reflect light from the sample point into a quasi-collimated beam. An ex ample of such a collector is a low f-number Fresnel lens/reflector array of the type produced by 3M Corpo ration (Minneapolis, Minn.).
The apparatus can be used for detecting a wide vari ety of analytes employing a variety of protocols, where emitted light is the detected signal. Emitted light may be as a result of fluorescence, chemiluminescence, phos phorescence, and the like. The sample may be a fluid sample or a solid sample. Conveniently, the detected label may be bound non-diffusively to a support, where controlled distribution of the label in relation to the amount and/or nature of the analyte is provided. There fore, one may provide for homogeneous or heteroge neous assays, where the detectable label may be in solu tion or bound to a surface. In addition, assays may be competitive or complementary as to the relationship of the conjugate employing the detectable label and the analyte.
Desirably, the assays will involve a particle fluores cent label, where the number of particle labels bound to a surface is in relation to the amount of analyte. The assays will normally involve specific binding pairs, where by specific binding pairs it is intended that a molecule has a complementary molecule, where the binding of the members of the specific binding pair is at a substantially higher affinity than random complex formation. Thus, specific binding pairs may involve haptens and antigens (referred to as "ligands') and com plementary binding members, such as antibodies, en zymes, surface membrane protein receptors, lectins, etc. (generally known as "receptors') and nucleic acid se quences, both naturally occurring and synthetic, either RNA or DNA, where for convenience nucleic acids will be included within the concept of specific binding members comprising ligands and receptors.
In carrying out the assay, there will normally be involved a conjugate of a specific binding member and 3 bels which provide for a fluorescent product or chemi luminescence, or other label which provides for emitted light. Methods of preparing these conjugates are well known in the literature. Depending upon the analyte, various protocols may be employed, which may be associated with commercially available reagents or such reagents which may be modified.
Assays which may be performed include ELISA, EMIT, SLFIA, sandwich assays, and the like.
Of particular interest is the detection of specific se quences of nucleic acids. The sequences may be de tected by employing probes which are labeled to pro vide for a detectable signal. Thus, the probes may be labeled with fluorescent molecules or alternatively with a molecule which will allow for binding to a fluorescent molecule conjugate, e.g. biotin, with a fluorescent-con jugated strept/avidin. Thus, by binding the nucleic acid sample to a surface, the binding of a probe having an homologous sequence under appropriate complex for mation conditions will indicate whether the particular sequence is present in the sample. Alternatively, one may use intercalating dyes, where the dye will only intercalate double-stranded nucleic acid and will pro vide for a fluorescent signal. Numerous variations exist in performing assays for detecting a specific sequence, which techniques may be employed here, so long as there is an emitted light signal. The analyte may be a single molecule or an aggregation, such as a virus or cell.
The assay medium will have low concentrations of analyte, generally at picomolar or less, frequently fem tomolar or less. Assay volumes will usually be less than about 100 ul, frequently less than 10 ul and may be 1 ul or less. The cross-sectioned area of the sample to be irradiated will generally be not greater than 100 mm, usually not greater than about 50 mm2 and may be as low as 0.1 mm2. The area to be measured will depend on the concentration of the analyte, the size of the individ ual site to be irradiated, the ease with which individual signal units may be discriminated, and the like.
In order to measure the signal, a device is employed which allows for the detection of very low levels of emitted light. For the most part, the device will be employed with a fluorescent signal, so that the device will provide for the radiation of the sample with colli mated light of narrow wavelength range. In addition, the methodology which is preferred is described in application Ser. No. 354, 137, now U.S. Pat. No. 5, 026, 159 . In this methodology, two measurements are made, where the irradiated sample is different, but the incident light intensity is the same. This can be as a result of using irradiation beams of different diameter or beams of the same diameter at different sites or combi nations thereof.
For the most part, the light source will be a laser, where the intensity of the beam may vary from a power rating of 1 uW to about 20 mW. The light wavelength may be varied widely, depending upon the absorption characteristics of the fluorescent label. For the most part, the light will be at a wavelength above 350 nm, usually above 400 nm, and usually below 700 nm, more usually below about 550 nm. Desirably, the fluorescer will provide for a large Stokes shift, usually at least about 20 nm, preferably at least about 50 nm.
For varying the beam size, one may use a movable lens, which by varying the distance from the sample will change the beam size. By employing appropriate stepper motors, one can provide for smaller or greater 5,315,375. 10 4. changes in the beam with each step. In addition, the sample may be mounted on a movable stage, where the stage allows for movement in both the X and Y direc tion, so that various sites in the sample may be interro gated. Alternatively the light irradiating system may be movable in relation to the sample to interrogate various sites.
The light which is emitted from the sample is then efficiently collected using a discrete element collector system which provides for the collection of the light and its transmission to a photodetector. The discrete element collector system will usually be a multi-lens system, where the collector lens, proximal to the sam ple, will generally have a low f-number, usually less ber discrete element collectors do not normally produce a high quality collimated beam but the resolution of the system is primarily determined by the size of the beam interrogating the sample, and not by the quality of the low f-number light collection optics. Therefore, optics of very high quality are not necessary for the discrete element collectors. However, by employing a second lens of about the same diameter and a larger f-number, usually greater than 0.5, generally from about 1 to 10, the light may be focused on the detector. The discrete element collector lens and the second lens, will gener ally have a separation of from about 0 to 50 cm, usually being in close proximity of from about 0.1 to 5 cm. The discrete element collector lens will usually be at least about 1 cm2 and may be as large as about 1x10 cm2, usually not greater than about 500 cm2 in area.
By including a perfect spherical reflector behind the emitter to reflect the light going away from the detector back through the source and into the discrete element collector system, the fraction of solid angle collected into the collimated beam emergent from the discrete element collector system can be doubled. The spherical reflector must be placed one sphere radius away from the source and on the opposite side of the emitter from the discrete element collector. For emission samples which have a finite size, S, the spherical reflector radius should be on the order of 10 times S, or greater, in order to cause the source to remain point-like relative to the reflector. If this is not the case, larger portions of the light will not be reflected back into the lens.
The solid angle of light which will be collected can be calculated based on the collection system employed. By using the above system the solid angle fraction collected in a system with an ideal collector can be as high as 0.90, while more realistically with f-numbers for the discrete element collector varying from 0.5 to 0.05, estimated solid angle fractions will be in the range of about 0.26 to 0.81.
Electronics are used for analyzing the signal from the sample, which can then be related to the presence or quantitation of an analyte. In FIG. 1 , the apparatus 10 has a laser beam 12 which is passed through a first lens 14 which expands the laser beam and directs the beam to second lens 16 where the beam is recollimated. The collimated beam is then passed through an adjustable aperture 18 to define the diameter of the beam and finally through focusing lens 20. Focusing lens 20 is mounted on a stage, not shown, where focusing lens 20 may be moved along the optical axis, so as to change the beam diameter as it is incident 5,315,375 5 on the sample. The laser beam 12 exits the focusing lens 20 and is reflected by a first surface mirror 22. The light then passes through a hole 24 in discrete element collec tion system 26, which comprises a first discrete element collector lens 28, such as a catadioptric array, for col lecting the emitted light and a second discrete element collector lens 30 for focusing the light. Usually, the focal length of the first discrete element collector or catadioptric array lens, which will have a structure analogous to a Fresnel lens, will be substantially less than the focal length of the second lens (which may or may not be a Fresnel lens), generally being less than about 60% of the focal length of the second lens. The collection half-angle for the first discrete element col lector lens will usually be at least about 45 for direct emission. The emitted focused light will then be trans mitted to a second lens 32 and directed to a filter pack 34, which serves to exclude light outside of the wave length range of the light emitted from the fluorescer. The light of the desired wavelength is then detected by a photomultiplier tube and preamplifier 36 for transmis sion to electronic circuitry for analysis.
The sample 38 is supported by X-Y stage 40, which allows for micropositioning of the sample in relation to the incident light. Stepper motor 42 are provided for accurate movement of the sample 38 in the X and Y direction.
In FIG. 2, the device 50 is shown diagrammatically with a laser source 52 fitted with beam shutter 54. The laser beam 56 is directed through a line filter 58 and then is reflected by turning mirror 60 into the lens sys tem comprising an expanding lens 62, a collimating lens 64, an adjustable aperture 65, and a focusing lens 66 which is mounted on a stepper driven stage 68. A Sam ple stepper stage 70 is provided to support and move the sample, holding the sample in place with slide holder 71, which sample is positioned under moveable discrete element collector system 72 (shown displaced from operational position directly above the sample).
In an alternative embodiment, FIG. 3, instead of having the light incident to the sample being at right angles to the sample, the incident light is at other than normal to the sample. In FIG. 3 , a laser beam 100, which has been processed as described in FIG. 1, is reflected by reflecting mirror (not shown) so as to pass through hole 104 in discrete element collector system 106. The light strikes the sample 108 and is reflected from the sample through hole 110 and then discarded by any convenient means. The emitted light from the sample 108 is focused by discrete element collector system 106 and directed to lens 112 to be processed as Unabsorbed excitation light passes through the dis crete element collector system 168 and is absorbed by the long pass filter 170. Alternatively, the long pass filter may be replaced by a dichroic mirror placed at a 45' angle to the unabsorbed incident beam and reflect ing the beam away from the detector where it can be discarded by any convenient means.
The emitted light from the sample 162 is focussed by the discrete element collector system 168 and directed through spatial aperture 172 and to collector lens 174 to be processed as previously mm. The specifications of these lenses would account for an expansion to only 9.75 mm but, the initial diver gence of the beam, coupled with about 120 cm of dis tance to the expanding lens, accounts for the larger diameter. 65 The re-collimated beam is clamped to a fixed 20 mm beam using an adjustable aperture. This 20 mm beam is then delivered to the final focusing lens having a 233 mm focal length. The lens is mounted on a motor driven translation stage that permits changing the beam size that is incident upon the sample by moving the lens with relation to the sample. Moving the lens back and forth (the Z axis) then varies the beam diameter on the sam ple. The beam is next bounced off of another first sur face mirror and directed through a hole in the discrete element collector system, a combination of a discrete 5,315,375 7 element collector and a focusing lens and delivered to the sample. Newport model 420-1 translation stages permit fine tuning of all the lenses and mirrors.
All of the optical components are mounted on an SE series Newport steel core breadboard table. The table is 3x4 ft, 2 inch thick with a precision formed steel hon eycomb core. Holes are spaced on 1 inch centers for ease of mounting. This table also holds the PMT detec tor and has holes for the control cables to the electron ics of the instrument. The table provides the area for placement of the X-Y stage, the laser components, the control electronics, and power supplies.
Some light scattering occurs at each mirror and lens in the optical path and from air contaminants that the beam passes through. The light from these sources has been shielded from the PMT detector by use of black painted cardboard pieces and black optical tape. This shield is also provided as an enclosure for the optical elements to minimize dust collection. The emergent beam is virtually all that exits from the shield.
The light emitted from the sample is collected by an 8 inch discrete element collector (SCOTCHLENS, direct lens, 3M, Minneapolis, Minn.) with an effective focal length of 1.0 inch. This gives the instrument a collection angle of 152 degrees for direct emissions. The light captured and collimated by this collector is fo cused by an 8 inch Fresnel lens with a focal length of 7.0 inch. This second lens is mounted directly on top of the first and a hole is drilled through the center of both for the incident light beam. The final bending mirror for the incident optics is mounted on a T-rail directly above the hole. Only a very small portion of the collected light is blocked by the mirror and rail.
The focused light from the discrete element collector system is next sent through an aperture and collimated by a 1 inch lens with a focal length of 0.7 inch. This beam is then directed through an optical filter assembly and delivered to the PMT photodetector. The particu lar wavelengths are selected by changing the filter pack cap assembly on the end of the PMT assembly. Cur rently, three filter packs have been assembled.
Filter pack number F001 was assembled to collect 580 nm wavelength photons. It contains two 580 nm band pass interference filters followed by two 550 nm long pass absorption filters. The band pass filters are Oriel part number 54390 providing about 60% transmis sion at 580 nm, with a band pass of 10 nm, and 10e4 attenuation outside that band. The long pass filters are Oriel part number 51502 providing 50% transmission at 550 nm, with nearly 99% at 580 nm and 100% at 600 nm and above, and 10e5 attenuation to shorter wave lengths. The band pass filters are placed in front of the long pass filters to reduce the amount of absorption that the long pass filters may re-emit as fluorescence.
Filter pack number F002 was assembled to collect 518 nm wavelength photons. It contains one 518 nm band pass interference filter followed by one 515 long pass absorption filter. The band pass filter is Barr part number 518/8 nm providing about 60% transmission at 518 nm, with a band pass of 8 nm, and better than 10e6 attenuation outside that band. The long pass filter is an Oriel 51494 providing 50% transmission at 515 nm, about 60% at 518 nm, and 100% at 570 nm and above, and 10e5 attenuation to shorter wavelengths. Again, the band pass filter is placed in front of the long pass filter.
Filter pack number F003 was assembled to reject the 488 nm wavelength of the laser and pass longer wave O 8 lengths. It contains one long pass interference filter, Barr part number LP488mmRej. It provides 80 to 85% transmission to 515 nm and longer and better than 10e 12 attenuation to 488 nm.
Neutral density filters may be used to reduce the laser beam intensity. Oriel part numbers 50550 and 50570 provide 1%and 0.01% transmission respectively. They are usually placed in a mount and inserted in the path of the laser beam as it enters the enclosure. The X-Y stage was assembled using a Newport model 405 dual-axis translation stage. It has been modified to accommodate a 20 turn per inch lead screw fabricated from inch-20 stock stainless steel threaded rod. Use of two stepper motors (the same model as for the Z stage) provides 3.175 microns of linear travel per step for both the X and Y axis. Total travel for X and Y is limited to about one half inch. Limit switches at each axis end provide a means of centering the stage. This establishes a known reference x,y of 0,0. Image scan ning of the sample can then be performed on multiples of 3.175 micron grids.
Electronics
The PMT used is the Hamamatsu 1477 one inch side on tube. The tube is constructed with a multialkalipho tocathode with a UV glass window and has a photon to electron gain on the order of 5.3 x 106 at an anode to cathode potential difference of 1000 volts.
The current output of the PMT is directly coupled to the pulse generator circuit. This circuit provides both a digital and analog operating mode. In the digital mode, single electronic pulses are counted as single photon events. This mode, also known as the photon counting mode, is only possible at low levels of light where pho tons are generally spaced far enough apart to prevent dc biasing. In the analog mode, the electronic signal is weighed proportional to the light intensity. This mode is used when there is sufficient light to permit dc bias 1ng.
In the digital mode, the circuit converts the current from the tube into a voltage level, compares the voltage value against a preset reference value (discriminator level), and generates a pulse to the remote counter cir cuit. Each pulse to the counter is then counted as a 5,315,375 single photon event. In the analog mode, the voltage level from above is integrated and used to generate a pulse frequency that is directly proportional to the volt age and consequently proportional to the incident light intensity.
A pair of operational amplifiers comprise the preamp portion of the pulse generator circuit. The preamp por tion converts current pulses around a micro-ampere into a voltage pulse of approximately 1.0 volt. This signal is sent to both digital and analog portions of the circuit. A comparator is used as a discriminator to de tect when these pulses are greater than a preset value in the digital portion. When the pulses are greater than the discriminating level, a logic transition occurs and a pulse shaper circuit converts this into a defined 10 nsec pulse.
In the analog portion, the voltage pulses are inte grated to produce a dc voltage value. This value is transformed into a square wave frequency with a volt age-to-frequency converter. The output frequency from this converter is also shaped into 10 nsec pulses. With the selected mode of operation, the pulses are delivered to a video line driver circuit for transmission to the computer interface. The integrated voltage is also com pared against a preset reference (saturation level) to determine which mode of operation is appropriate for measurement. The output of this comparator circuit is sent to the computer interface and tells the computer if the PMT counting rate is too high for the digital (pho ton counting) mode. The converse is that this signal also tells if the light level is too low for the analog mode. The analog or digital mode is then selected by control of a logic signal from the computer circuitry.
A means of remotely setting the discriminator level and the saturation level by computer control can be provided. This feature provides the ability to collect probability height distribution data automatically and set the discriminator level to the optimum point. The saturation level can also be determined and set by com puter control. Non-volatile memory on the circuit re tains the setting levels.
The computer interface consists of circuitry to con vert the PC computer instructions into logical com mands and status information into computer logic. This interface is built on a full size card for a PC slot. The basic components on the card are the bus transceiver, address decoders, function latches, line receiver, and counter circuits.
The computer interface uses 8 I/O port address, hex 0310 to 0317. Reads from ports 0310 to 0312 provide 20 bits from the counters. When the counters are gated by the timer circuit, with a write to 0317, pulses received by the line receiver are counted for the defined gate period. The gate period is programmed by writes to locations 0310 to 0312. Precise gate periods from 1 microsecond to 655,350 seconds are available.
The 20 bits of counts provide capability to greater than 1 million. Additional bit patterns written to ports 0313 to 0315 provide control of laser shutter, high volt age power supply, the three axis motors, and the operat ing mode of the timer circuit and the remote pulse gen erator. A read from 0313 provides information regard ing the three axis limit switches.
The motor driven board accepts logic signals from the computer interface and translates them into position commands. Logic lines for each axis provide motor enable, direction, step size, and the step pulse. Limit switches at the three axis ends are delivered to the con O 10 puter interface and also wired to protection circuitry. The protection circuitry prevents the stepping of the motors when the limits have been reached in the event that computer instructions fail to detect the limit.
The looking at photon counts when outside of the main data collection software package. Manual off provides the ability to never expose the sample and to insure that voltage is not present to the PMT. The high voltage control is also interlocked to prevent it from being ap plied when the door is open or the internal light has been left on. These interlocks prevent saturation cur rents within the PMT that might cause damage. A Power One model HCC15.3A +/-15 volt power supply provides power to the circuitry for the pulse generator circuit and the high voltage portion. An ad justable regulator in the package sets the control volt age supplied to a Thorn EMI model HV1.5PN high voltage supply. A 0.0 to 10.0 volt input produces a 0.0 to 10000 volt output for the PMT. A Power One HB24 6A 24 volt power supply provides power to the motor circuitry and control for the laser shutter.
Two electronic circuits have been assembled to pro vide a means of testing and calibrating the instrument. One circuit, the gate calibrator, is packaged in a small box with an internal battery and provides a pulse output at a specified frequency as set by the front panel control. The other circuit, the LED calibrator, is packaged in a PMT cap assembly with a battery and provides a means. of setting various light levels.
The gate calibrator generates frequencies from 1 Hz to 1 MHz in powers of 10. These are accurate references to test the counting software and are consequently used to calibrate the computer counter gate period. The cable is removed from the pulse generator and con nected to this package to perform this test. Setting the front dial for 1 MHz should yield a count equal to the gate period in microseconds. This becomes a complete .
integrity test of the software, the computer and inter face, the counters, and the cable.
The LED calibrator provides a means of testing the PMT and the pulse generator. Fixed intensity levels should yield a consistent count from time to time since the package is always positioned the same with respect to the PMT. The circuit contains very stable references and regulators to maintain constant current to the LED and, the LED is mounted in a small metal casting that is temperature regulated. Temperature variations of the LED junction have shown variations in emitted light. This test is also very useful in verifying the performance of the electronics and software mathematical operations by monitoring the counting statistics, i.e., the standard deviation divided by the square root of the mean.
Computer A PC compatible computer is used to control the instrument, make the measurements, and perform the analysis and imaging. A printer and color plotter are attached for hard copy outputs.
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The computer motherboard is equipped with an Intel 80286 microprocessor, an 80287 math coprocessor, 1024 Kbyte memory, keyboard and speaker connections, and 8 expansion slots.
An AST Advantage multifunction board provides 576 Kbytes of extended memory, one serial port for the plotter, and one parallel port for the printer. An IBM hard/floppy disk controller board and external floppy disk driver board provide communication links to the storage media. A Video Seven VEGA VGA board provides high resolution graphic capability up to 800x600 pixels.
Of the three board slots remaining, one is used by a custom developed circuit card for control and monitor ing of the instrument and two slots are available for expansion. The custom board is the computer interface board discussed in the electronic section. It provides the means of controlling the instrument data collection.
Software
The data collection software is the program AML M.EXE, written in the C programming language. It was compiled with the Microsoft C compiler version 5.1 and linked with libraries from Microsoft and Ver mont Creative Software. It is a window oriented pack age with several levels for data collection and mainte nance operations. Data files written to the 3.5 inch drive include a binary FCD file containing header informa tion, operating parameters, and the data. Also written, dependent upon the mode of operation, are GRD files for 3-D image plotting, DAT files containing X and Y coordinates and photon count data, and .COR files with just coordinates.
The DAT file can be used to provide a GRD file that uses smoothing factors for interpolation of missing data points. The COR file can be used to re-image at the same locations as a previous run.
The analysis software is the program PVAL.EXE, also written in C. It is also a windowing package that gives information about the data collected, such as the mean value and standard deviation. The program gets the data from the FCD file.
The graphic software is the program GRAPH.EXE, written in C and linked with the GSS Graphic libraries. This provides a visual display of the data collected and capability of sending the display to the color plotter. This program also gets the data from the FCD file.
The Golden Surfer package is a commercial product that does the 3-D surface imaging and 2-D topographi cal views. There are six programs, GRID, SURF, TOPO, VIEW, PLOTCALL, and PLOT. GRID reads data files containing X, Y, and Z data and provides the means to generate a grid image of the data. The output from this program can be read by SURF for 3-D imag ing or by TOPO for 2-D contours. PLOTCALL and PLOT provide the means to output these views to the color plotter. VIEW is a utility that displays the plotter generated files on the screen and provides Zoom and pan functions.
The Lotus 123 spreadsheet software package is also used in analysis of data. Data that is not normally col lected automatically by the instrument can be processed and displayed by the graphic functions. Other scientific processing can also be applied to data collected by the instrument, such as applying photon pulse pile up corre lation equations to the actual data.
FIG . 5 shows Two microliters of each of the appropriate DNA dilutions were spotted onto the designated area of the pretreated filter membrane (1 mm diameter spots) and allowed to dry. The DNA was crosslinked onto the nitrocellulose by exposure to bright white lights (Gen eral Electric Sunlamp 275 W, 110 V, Vector Labs, Burlingame, Calif.) at a distance of 10 cm for 5 minutes.
The filter was washed in 3 changes of TTBS (TTBS is 0.1M Tris-HCl, 0.15M NcCl, 0.1% Tween-20, pH 7.5) over 30 minutes with agitation.
Fluorescein-conjugated avidin DN (cat. # A-3101, Vector Labs, Burlingame, Calif.) was diluted 1:50 in TTBS. The filters were incubate in the TTBS contain ing fluorescein conjugated avidin DN for 30 minutes in the dark. The filters were then washed in 3 changes of TTBS over 30 minutes with agitation.
Biotinylated anti-avidin D from goat, affinity purified (cat. #BA-0300, Vector Labs, Burlingame, Calif.) was diluted 1:50 in TTBS. The filters were incubated in the TTBS containing the biotinylated anti-avidin D for 30 minutes in the dark. After incubation, the filters were washed with 3 changes of TTBS as before.
The filters were then incubated again in fluorescein conjugated avidin DN in TTBS for 30 minutes in the dark and washed as previously described. The double stained filters were allowed to air dry in the dark. The fluorescent spots were then scanned in the sensi tive light detection system as described It is evident from the above results and the descrip tion of the device, that accurate determinations can be made at low levels of analyte using fluorescence or other label providing for emitted light. In this way, one may detect a wide variety of analytes which may be present at only extremely low concentrations. In addi tion, because one allows for movement of the sample in relation to the light irradiation and collection system, one may provide for a variety of measurements of dif ferent analytes, by having different complementary members at different sites on a surface. The lens system allows for variation of the size of the beam, while the system allows for movement of the sample, so that dif ferent areas of the sample may be interrogated. The high collection efficiency of the Fresnel lens system allows for detection of extremely low levels of light, where discrimination can be made between different intensities.
All publications and patent applications cited in this specification are herein incorporated by reference as if each individual publication or patent application were specifically and individually indicated to be incorpo rated by reference.
Although the foregoing invention has been described in some detail by way of illustration and example for purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in the art in light of the teachings of this invention that certain changes and modifications may be made thereto without departing from the spirit or scope of the appended claims.
What is claimed is:
1. An improved sensitivity light collection system capable of detecting luminescence from emitters in bio logical assay media comprising a sample resulting in a very low signal level, said light detection system com prising:
means for collecting emitted light from said assay media comprising a discrete element collector sys tem, said system having a first discrete element collector catadioptric lens proximal to said sample having a small focal length and a low f number in the range of about 0.05-2 for collecting and colli mating emitted light; and a second lens in light receiving relationship when said first discrete ele ment collector separated by from about 0.1 to 50 cm from said first discrete element collector and distal from said sample having a greater focal length and a larger finumber in the range of about photodetecting means for detecting light transmitted by said discrete element collector system. 6. A light detection system according to claim 5, wherein said beam passes through a hole in said discrete element collector system. 7. A light detection system according to claim 5, wherein said light source is a laser having a wavelength in the range of about 350 to 700 nm.
8. An emitted light detection system for detecting an analyte in a sample, said decision system comprising: a sample support; means for providing a beam of light for irradiating a sample on said sample support with a beam of de fined wave length range; means for controlling the area of said beam impinging on said sample; means for moving said sample support and beam relative to one another; means for collecting emitted light from said sample comprising a discrete element collector system, said system having a first discrete element collector catadioptric lens proximal to said sample having a small focal length and a low f number in the range of about 0.075-1 for collecting and collimating said emitted light; and a second lens in light receiving relationship to said first discrete element collector lens separately by from about 0.1 to 5 cm from said first discrete element collector and distal from said sample having a greater focal length and a larger f number in the range of about 1-10 for focusing said emitted light collimated by said first discrete ele ment collector lens; means for filtering emitted light to isolate enough sample emission from excitation wavelength; photodetecting means for detecting light transmitted by said discrete element collector system; and means connected to said photodetecting means for relating a signal from said photodetecting means to the presence of analyte in said sample. 9. A device according to claim 8, wherein said light source is a laser having a wave length in the range of about 350 to 700 nm. 10. A device according to claim 8, wherein said sam ple support is at least partially transparent; and further comprising:
a reflector below said sample support for transmitting light to said discrete element collector system. 11. A device according to claim 8, wherein said de vice further comprises a movable stage supporting said sample support. 12. A device according to claim 8, wherein said beam area controlling means includes means for varying the beam size.
13. An emitted light detection system for detecting an analyte in a sample, said detection system comprising:
a sample support on a movable stage; a laser light source for irradiating a sample on said sample support with a beam of defined wavelength range;
means for controlling the area of said beam impinging on said sample; means for moving said sample support and beam relative to one another; means for collecting emitted light from said sample comprising a discrete element collector system, said system having a first discrete element collector catadioptric lens proximal to said sample having a small focal length and a low f number in the range 15 of about 0.075-1 for collecting and collimating said emitted light; and a second lens in light receiving relationship with said first discrete element collec tor lens separated by from about 0.1 to 5 cm from said first discrete element collector and distal from said sample having a greater focal length and a larger f number in the range of about 1-10 for focusing said collimated light collected by said first discrete element collector lens, wherein said beam does not interact with said discrete element collec tor system; means for filtering emitted light to isolate sample emission from excitation wavelength;
photodetecting means for detecting light transmitted by said discrete element collector system; and means connected to said photodetecting means for relating a signal from said photodetecting means to the presence of analyte in said sample. 14. A device according to claim 13, wherein said area controlling means comprises a single or multi-lens sys tem and said second lens is a Fresnel lens.
15.
A device according to claim 13, wherein said sample is irradiated at an angle normal to said sample and the irradiating light passes through a hole in said discrete element collector system. 16. A device according to claim 13, wherein said sample is irradiated at an angle at other than normal to said sample and the irradiating light. 17. A device according to claim 13, wherein said sample support is at least partially transparent; and fur ther comprising: a reflector below said sample for transmitting light to said discrete element collector system. 19. A method according to claim 18, wherein said irradiating is at different portions of said sample and said detecting is as to each of said portions of said sam ple. 20. A method according to clain 18, wherein said first discrete element collector lens is a catadioptric lens, said lens having a f-number in the range of about 0.075-1.
21.
A method according to claim 18, wherein said activation is irradiation and said activating comprises irradiating said sample with light at an excitation wave length range.
